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ABSTRACT 
A system and method for hybrid power management. The 
system includes photovoltaic cells, ultracapacitors, and 
pulse generators. In one embodiment, the hybrid power 
management system is used to provide power for a highway 
safety flasher. 
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mstalling at le=- 
cell horizontally in a top of a safety 
,flasher enclosure 
Figure 3 
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installing a plurality of flashing light emitting diodes 
(LED) within the safety flasher enclosure, wherein each 
one of the plurality of flashing LED are visible fiom each 
side of the safetv flasher enclosure 
f-620 
connecting the photovoltaic 
cell to the plurality of 
ultracapacitors 
1 
--L 640 
installing a single pole single throw 
power switch in the safety flasher 
enclosure 
connecting a zener diode in parallel 
with the plurality of ultracapacitors 
1 
r - 6 5 0  
connecting a load side of the power 
switch to anodes of the flashing LED 
. 
r-- 670 
connecting a positive side of each of the 
plurality of ultracapacitors to a h e  side of 
the power switch 
Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 
U.S. Patent 
~ 
Receiving an Electric Current 
from at least one t 
Photovoltaic Cell 
Aug. 21,2007 
700 
Sheet 4 of 4 
- ---._. _ _ ~ _  _ _  . - - 
Providing an Electric Current from the 
Ultracapacitors tu the pulse generating 
module 
Figure 4 
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Supplying the Electric Current 
to the Ultracapacitors 
Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 
US 7,259,692 B1 
2 1 
EIYBRU) POWER i W A G E M E N T  SYSTEM 
A i  METHOD 
ORIGIN OF THE INVENTION 
The invention described herein was made by an employee 
of the United States Government and may be manufactured 
and used by or for the Government for Government pur- 
poses without the payment of any royalties thereon or 
therefor. 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a system and method for 
hybrid power management. Hybrid power management sys- 
tems incorporate various power devices, such as batteries, 
solar panels, gas engines, and electrical systems, into a 
single operational power system. 
2. Description of the Related Art 
Hybrid power systems integrate diverse power dwices 
into a single working system. The power devices may 
include batteries, capacitors, and solar panels. 
Some traditional hybrid power management systems use 
non-rechargeable batteries as a power source. Such power 
systems have a relatively low life cycle. Other power 
management systems may use rechargeable batteries, often 
nickel metal hydride batteries. 
Even systems which include rechargeable batteries, how- 
ever, have limited lifetimes. Rechargeable batteries can only 
be charged and discharged about 300 times. Therefore, 
batteries need to be replaced and discarded. fairly fkequently. 
This results in increased costs, both related to replacing the 
batteries and disposing of them in an environmentally safe 
manner. In addition, batteries do not perform very well at 
low temperatures and they may be difficult to replace in 
remote locations. 
Thus, there is a need for a hybrid power management 
spystem that is reliable, easier to maintain, and cheaper to 
manage. Such a system can be provided by the present 
invention. 
SUMMARY OF THE INVENTION 
In one embodiment of the invention, a hybrid power 
management system is provided. The hybrid power man- 
agement system includes a 6rst power source, at least one 
ultracapacitor operably connected to the first power source, 
and a light source. The light source is connected to the at 
least one ultracapacitor. 
The system may be configured to be used, for example, in 
. a hi&-way flashinv sa&ty device. The system may_ako 
include a voltage regulator that is connected to the at least 
one ultracapacitor. Additionally, the system may include a 
pulse generator that is connected both to the ultracapacitor 
and the first power source. 
In another embodiment of the invention, a method for 
manufacturing a hybrid power management system is pro- 
vided. The method includes the steps of installing a first 
connecting a load side of the power switch to the at least one 
light source, and connecting the at least one light source to 
a negative side of the at least one ultracapacitor. 
In a third embodiment of the invention, a method of 
5 operating a hybrid power management system is provided. 
The method includes the steps of receiving an electric 
current from at least one photovoltaic cell, supplying the 
electric current to the ultracapacitors, and providing the 
electric current from the ultracapacitors to a pulse generating 
IO module. 
BRIEF DESCRIPTION OF THE DRAWINGS 
For proper understanding of the invention, reference 
15 should be made to the accompanying drawings, wherein: 
FIG. 1 illustrates a block diagram of an ultracapacitor 
powered safety flasher according to one embodiment; 
FIG. 2 illustrates a schematic diagram of an ultracapacitor 
powered safety flasher according to one embodiment; 
FIG. 3 illustrates a flow chart for the method of manu- 
facturing an ultracapacitor powered safety flasher according 
to one embodiment; 
FIG. 4 illustrates a flow chart for the method of operating 
the hybrid power system according to one embodiment. 
20 
25 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 
The present inventioih in one embodiment, combines 
30 photovoltaic cells and ultracapacitors to yield a hybrid 
power management system for providing power to an elec- 
tric device. 
Photovoltaic cells use sunlight to generate electricity. As 
such, photovoltaic cells may be used to power electrical 
35 devices by utilizing sunlight. -4photovoltaic cell can include 
two or more thin layers of semi-conducting material, most 
commonly silicon. When the silicon is exposed to light, 
electrical charges are generated and this can be conducted 
away by a conductive material, such as metal contacts, as 
The present invention can also utilize ultracapacitor tech- 
nology for energy storage. Acapacitor is an electrical energy 
storage device which may include two or more conducting 
electrodes separated from each other by an insulating dielec- 
45 tric. An ultracapacitor is an electromechanical storage 
device, which has an extremely high volumetric capacitance 
energy due to high surface area electrodes, and very small 
electrode separation. Because chemical reactions do not 
occur in an ultracapacitor, very high charge and discharge 
Ultracapacitors store electricity by physically separating 
E i t i v e  and negative charges. It i s _  an electromechanical 
double-layer system that stores energy in a polarized liquid 
layer at the interface between an ionically conducting elec- 
55 trolyte and a conducting electrode. Energy storage capacity 
increases by increasing the surface area of the interface. 
Therefore, ultracapacitors have the ability to provide large 
amounts of current in short bursts. 
Overall, the hybrid power management system, and spe- 
40 direct current @C). 
50 currents are possible. 
- ~ . - 
power source in an enclosure and &stalling at least one 60 cifically the ultracapacitors, of the present invention pro- 
ultracapacitor within the enclosure. The method also vides power for surges when required and absorbs power 
includes installing at least one light source within the fiom the system when required, allowing for smooth system 
enclosure, and installing a power switch in the enclosure. load. 
The method further includes connecting the solar cell to The use of ultracapacitors and photovoltaics provide 
the at least one ultracapacitor, connecting a zener diode in 65 distinct advantages over conventional power management 
parallel with the at least one ultracapacitor, connecfing the at systems, which genedly employ batteries. Batteries can 
least one ultracapacitor to a line si& of the power switch onl be charged and discharged about 300 times, whereas 
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ultracapacitors can be charged and discharged over 1 million least one ultracapacitor 710, and providing the electric 
times. The long life cycle of ultracapacitors improves the current from the at least one ultracapacitor to a pulse 
reliability of the system and also reduces costs over the life generating module 720. 
of the system. As a result, ultracapacitors do not need to be One having ordinary skill in the art will readily under- 
disposed of nearly as often as batteries, thereby providing an j stand that the invention as discussed above may be practiced 
advantage to the environment. .4dditionally, batteries do not with steps in a different order, and/or with hardware ele- 
perform well at low temperatures, and therefore are not ments in configurations which are different than those which 
well-suited for certain outdoor applications, such as high- are disclosed Therefore, although the invention has been 
way safety flashers. Ultracapacitors are reliable, consistent, described based upon these preferred embodiments, it would 
and require little maintenance. io be apparent to those of skill in the art that certain modifi- 
FIG. 1 illustrates a block diagnm of an electrical device cations, variations, and alternative constructions would be 
utilizing the hybrid power management system according to apparent, while remaining within the spirit and scope of the 
one embodiment of the present invention. A panel of pho- invention. In order to determine the metes and bounds of the 
tovoltaic cells 100 is connected to a bank of ultracapacitors invention, therefore, reference should be made to the 
200, which in turn is connected to a pulse generator 300. The 15 appended claims. 
pulse generator puts out a pulse of, for example, 100- 
milisecond duration once per second. The pulses are fed to 
the LED 400. 
FIG. 2 illustrates a schematic diagram, according to One 
embodiment, of an electrical circuit of the present invention. 20 
h this embodiment, a 3-volt 5htdliampere all-weather 
photovoltaic panel 100 is connected in parallel with two 
100-farad ultracapacitors 200, and a pulse generator 300. 
The positive sides of the ultracapacitors 200 are c~nnected 
to the line side of a power switch 500. The circuit results in 25 
power being generated for the LED 400. 
In one embodiment of the present invention, the circuit 
discussed above and illustrated in FIG. 2 is included in a 
highway safety flasher. Safety flashers are used to mark 
sites. The voltage developed by the photovoltaic panel 
Serves to charge the ultracapacitors during the h Y  and also 
serves as a signal to turn on the pulse generator at dusk and 
then turn it off at dawn. In this mnner, the power stored by 
the ultracapacitors is used to power the safety flasher during 3s comprises at least one light emitting diode (LED) lamp. 
the night-time hours. 
numerous other applications. For example, it ma)’ Similarly 
be used in outdoor decorative lighting, automotive safety 
lights, marine safety lights, aircraft Safety lights, Or bicycle 40 
safety lights, flashlights, radios, and numerous other elec- 
tronic devices. 
FIG. 3 illustrates a flow chart of the method for manu- 
I claim: 
1, A hybrid power mamgement system, comprising: 
a first power source; 
at least one ultracapacitor, as a second power source, 
operably connected to the first power 
at least one light SOUTCe connected to the at least one 
ultracapacitor; 
a power switch; 
a solar cell connected to the at least one ultncapacitor; 
and 
a zener diode connected in parallel with the at least one 
ultracapacitor; 
wherein a positive side ofthe at least one ultracapacitor is 
connected to a line side of the power switch, and a load 
light source. 
actually O r  Potentially hazardous area, such as construction 30 side ofthe power switch is connected to the at least one 
2. The system of claim 1, wherein the first power source 
3. m e  system of claim 1, wherein the light source 
4. The system of claim 1, wherein the system is config- 
5. m e  system of claim 1, wherein the system is config- 
6. ne system of the system is config- 
7. The system of claim 1, wherein the system is config- 
comprises at least one photovo~taic ell. 
The Circuit illustrated in FIG. 2 may also be used for to be used in a highway flashing safety device. 
ured to be used in a flashlight. 
ured to be used in an automotive safety light. 
to be used in an aircraft safety light. 
1, 
faCturing a safety flasher which an ‘dodiment Of 8. The system of claim 1, wherein the system is config- 
the invention. The method includes the steps of installing at 45 ured to be used in a ndio, 
least one photovoltaic cell horizontally in a top of a safety 
flasher enclosure 600, and installing a plurality of ultraca- 
pacitors connected in parallel within the safety flasher 
enclosure 610. The method also includes installing a plu- 
rality of flashing light emitting diodes (LED) within the SO merit system, comprising the steps of: 
safe9 flasher enclosure such that each one of the flashing 
LEDs are visible fkom each side of the safety flasher 
power switch in the safety flasher enclosure 630. 
9, The system of claim I, wherein the system further 
comprises a pulse generator that is connected to the at least 
one ultracapacitor and the first power source. 
10. A method for manufacturing a hybrid power manage- 
installing a i%st power Source for the system; 
installing at least one light source; 
a power switch; 
enclosure 620, and installing a single pole single throw installingatlea*one ultracapacitor; ~- ~ 
The method further includes connecting the solar cell to 
the plurality of ultracapacitors 640, connecting a zener diode 
in with the of uitracapacitors 650, and 
connecting a positive side of each of the plurality of ultra- 
capacitors to a line side of the power switch 660. The 
method also includes connecting a load side of the power 60 
switch to anodes of the flashing LED’s 670, and connecting 
a cathode of the flashing LEDs to a negative side of each of 
the plurality of ultracapacitors 680. 
FIG. 4 illustrates a flow chart of the method of operating 
a hybrid power management system. The method includes 65 
the steps of receiving an eiectric ament from at ieast one 
photovoltaic cell 700, supplyin the electric current to at 
connecting a solar cell to the at least one ultracapacitor; 
connecting a Zener diode in parallel with the at least one 
COMeChg a positive Side of the at least O n e  ultracapacitor 
connecting a load side of the power switch to the at least 
connecting the at least one light source to the at least one 
11. The method of claim 10, wherein said step of install- 
ing a rirst power source comprises instailing at ieast one 
ultracapacitor; 
to a line Side of the Power Switch; 
one light source; 
ultracapacitor. 
hotovoltaic cell. 
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12. The method of claim 10, wherein said step of install- 
ing at least one light source comprises installing at least one 
light emitting diode (LED) lamp. 
13. A hybrid power management system, comprising: 
means for installing a first power source for the system; 
means for installing at least one ultracapacitor; 
means for installing at least one light source; 
means for installing a power switch; 
means for connecting a solar cell to the at least one 
ultracapacitor; 
means for connecting a zener diode in parallel with the at 
means for connecting a positive side of the at least one 
means for connecting a load side of the power switch to 
means for connecting the at least one light source to the 
least one ultracapacitor; 
ultracapacitor to a line side of the power switch; 
the at least one light source; and 
at least one ultracapacitor. 
j 
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